Subprocess e7¢ — €7 ¢

Formula Source: J.-M. Virey; Eur.Phys.J C8 (99) 283 (A.5-11)

d&r1re

dt

(e7q — e q) A2ZT)‘1/\26 q— e q)
for o and /3 boson exchange; o, 3 = ~, Z,C1

Standard Model Squared Matrix Elements Toj\’lﬁ’\z(e‘q — e q) = '\/lAl’\z(e‘q — €7 q)|?

T, (e q— e q) = 263%{(1 )8+ (1= Ahg)ii2),
a 2 1
Trz(€7g—e7q) = <sin2 By cos? 0W> (f—]\4§)2
{(CELC2L(1 = A)(1 = Xg) + CZRCZR(1+ M)(1 4 A7) 5
+(C? C R(1 = XA)(1 4 Ay) + C? C (14 M) (1= Xg)) a2,
o? 1
Y5in? By cos? Oy f(f — M3%)
{(CrCur(1 = X)) (1 = Ag) + CerCur(1 + A1) (1 4 Xy))5°
H(Cer.Cor(1 = X1)(1 4+ X9) + CerCyrn(1 + X)(1 — X))@},

z(eTq—eq) = —2e

eeqq Contact Interaction Squared Matrix Elements

Tercr(e”q —€e7q) = QL {((T+90) (14 M) + (=1 — 7' ) (M + X2))8

H((1 =) (1 = MA2)) + (n— ') (=X + Xg))a?},
1

« N
Tyorle"qg—e"q) = _enn’,\—geq?{((l + 17" )(1+ M A2)) 4 (=1 — 1) (M + Ag))5°
AZ,

F((T =) (1= MA2)) + (= 0") (=X + Ag))a?},
1 a 1

Tror(e”q = €7q) = ey 2A2 sin? Oy cos? GW f

H{(CorCon(L +m)(L =)L = M)
FCRCu(1 = m)(1+0)(1+ A)(1 -

Left(Right)-handed fermion-Z coupling
Cyr = Ig — ey sin? Oy, Cir = —ey sin? Oy
CI chiral structure parameters 7,7’ and CI-SM Interference parameter e
N0y €y = £1

Compositeness Scale for eeqqCI ; A, =1 ~ 10 TeV ?

(2)



Subprocess ¢ — ete”
Formula Calclated by J. Murata, Crossing J.-M. Virey; Eur.Phys.J C8 (99) 283 (A.5-11)
Notation: (e, q) — (1,2) = (¢,9), (¢"1 ¢ — ete).

(3,4,0) — (1, 8,1), (10)
/\6 — —)\1, (11)
except for terms with ?
1 - M2 1 1
< ;== 12
T M2 (5 M2+ MITZ (- M2)?  (5— MZ)?+ M2TS (12)
d")\lx\z
UiA(qq — e"'e_) = Al ZT’\l’\z(qq — ete” ) (13)
di 5 h
Standard Model Squared Matrix Elements
T\y(qq — e+e_) = 2¢ _{(1 - )‘1)‘2)" + (1= XAy ) }a (14)

e ) = (ot )
sin® By cos? Oy /(8 — M2)2 + M2T%
{(CZLCL L+ X)X = X)) + CZRCTR(L = A (1 + Ag))d”
HCILCIR(L = M)(1+ Aa) + C2RCIL (1 4+ M) (1 = X)), (15)
a? §— M2
Isin? Oy cos? Oy 3((8 — M2)? + M2T%)
{(CerCor(1+ M) (1 = A2) + CerCyr(l — A )(1 + Ag))it?
+(Cr.Cor(1 = X)) (14 X9) + CerCor(1 + A1) (1 = X))}, (16)

T,7(qq — ete™) = —2e

eeqq Contact Interaction Squared Matrix Elements

1

Toror(9g — €te™) = aaa I+ =Xde) + (= =) (=A + Ag))d*
4‘((i — )1 = X)) + (n — 1) (=hi + X))i*}, (17)
Ter(gg—ete™) = —ep \12 eqz{((l ) (1= Mdo) + (=0 = 1) (= A + Xo))a
+((1 = )(1 = AiA2)) + (77—77)( M+ )i, (18)
1 a ~ M2

_ +.-\
TZC’I(qq_> €€ ) = G 2A2 sin er cos? Oy

{(CeLCqL(l +n)(1 +

+CerCyr(1 —n)(1
+(CerCyr(1 + ) (1 —

+CerCor(1 —n)(1

5— Mg)
L+ A)(
A)(

( + M2I'%
(

1=\

n')

(

") 1— )

— 1) 1+ Ay))ir*
(1= A

+7)(1 - )%}, (19)



Unpolarized Standard Model Squared Matrix Elements (A2 = 0)

_ _ a . .
Tw(qq—>e+e) = 26§§—2{u2+t2}, (20)

Trz(ad +e) ( ! )2 1
— € € =
22311 sin? Oy cos? Oy ) (5 — M2)? + M2T%

{(C2LCo + C2rCIR) W + (CHLO0n + CZRCI)EY, (21
o? 5— M?2
T,72(q7 — eTe™) = =2 Z
v = ete) “I5inZ Oy cos? Oy 3((5 — MZ)? + M2T%)
{(CeLCYqL + CyeRquR)’&2 + (CeLCqR + CyeRquL)i?}; (22)

Unpolarized eeqq Contact Interaction Squared Matrix Elements (A2 = 0)

1
_ -y _
TCIOI((](]—>€ € ) = Qqu
){(1 4 nn")a® + (1 — nn')i*}, (23)
_ + - 1«
Tyor(qg — ete™) = ~Em' ey
A2,
) {(1 4 nn")® + (1 —n')i?}, (24)
1 ! 5— M2

T Gg—ete) = €, - -
reilad ) ™ 9AZ sin” by cos? By (5 — MZ)? + MY,

<{(CerCor(1 +m)(1 +1') + CerCar(1 — n)(1 — n'))i"
H(CerCor(1 +0)(1 =) + CerCor(1 = n)(1 +0))i}. (25)



Helicity Selected Squared Matrix Elements for ¢¢ — ete~
Formula Calclated by J. Murata

{M(e, )} Ta_ﬁ_(qq —ete™) = T;;(qq —ete) =0 (26)

Standard Model Squared Matrix Elements

e _ ., _ a, . .
T,W'l'(qq —efe”) = T:,'Y (g7 — ete™) = 4e§§—2(u2 + %), (27)
2 1
) = ()
77 (99 = ee7) sin? Oy cos? Oy /) (8 — M2)?2 + M1,
(C2RC2R1°7 + C2LC2E%), (28)
T57Ga— ) = 4 ()
27 sin? Oy cos? Oy ) (8 — M2)? + M2T%
(cx y;LQQ + yeQRCqQLtAQ)a (29)
2 5 — M2
T-+(gi — etem) = —8 a s z
7(9g—€"e) i in? Oy cos? Oy $((3 — M%)? + M2T%)
(CerCyrii® + Cor.Cyrt?), (30)
2 5 — M2
T+~ (ga tem) = —8 a s 4
vz (9q = eTe7) “4in? Oy cos? Oy $((8 — MZ)? + M2T?%)
(CeLCqLﬁz + CeRCthAQ)a (31)
eeqq Contact Interaction Squared Matrix Elements
_ _ _ 1 \ A
Toibr(ag — ete™) = AL =n)(1 =) + (14 n)(1 =)}, (32)
A2,
_ _ 1 . .
Trer(ea — €fe™) = AL+ + 1)@ + (1= n)(1+ )"}, (33)
A2,
- - 1« v -
TWC"}(qq —ete ) = —em//\—2€q§21\qu,YC"}(qq — ete ) (34)
AZ,
- - 1« o -
T»j-Cl(qq —ete ) = _6"77Il/\—geQE2A:qT’j-CI(qq —ete )7 (35)
AZ,
2 ! 55— M2

T_+ q + - = A
7140 = 7€) = R T o by (&~ M2)? 4 MET

(CerCyr(l = n)(1 —1")i* + Cer.Cyr(1 +n)(1 —1')%),  (36)
2 ! 55— M2
A2 sin? By cos? Oy (5 — MB)? + METS

(CerCor(L+n)(1 +7)i* + CerCyr(1 = n)(1+2)%),  (37)

T3c1(qqg — ete™) =



SM Interference, Chirarity & Helicity Selected Squared Matrix Elements

(n,1")

Tohalgg — e

Thiud(ad — e¥e

TW_C"'}(qq —ete

Tjo}(qq —ete

Trd(ag— cte"

+

T;GTI(q(j — eTe”

= LL(+1,+41),RR(-1

")

7)

")

")

)

I X X X X

X X X X

a_l)aLR(+1a_1)7RL(+1a+1)
= 0; LL(U =+1,7' = +1)
1
= \4 > RR(np=—-1,n'=-1)
1 2. /
= 0; RL(n =—1,n' =+41)
1
= At @' LL(n = +1,7" = +1)
= 0; RR(?] =-1,7'=-1)
= 0; LR(n =41, = -1)
1 .
= E4t2 RL(?’] = —1 T] = +1)
= 0; LL(p =41, = +1)
I o ., ,
=~ e,~4u*; RR(n=—1,n"=—1)
A2,
1
IR PR eq2dl? LR(p = +1,9' = —1)

0; RR(n =—1,p'=-1)
0; LR(n =+1,n"'=—1)

2 2
§— Mz

€l ~— — -
" A2, sin? Oy cos? Oy (8 — M%) + M3T%,
0; LL(p=+1,7"= +1)
A4C.rC,RU%; RR(p = -1, = —1)
AC.1,Corl*; LR(p=+1,7' = =1)
0; RL(n = —1,7" = +1)
2 ! §— M2

N2 5in? Oy cos? Oy (5 — MB)® + MZTY

4C.Cor®; LL(p = 41,7 = +1)
0; RR(n=—1,n"=-1)
0; LR(n =+1,9"' = —1)
AC.rCyrt*; RL(p = —1,7" = +1)
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Chirarity Selected Unpolarized Squared Matrix Element

_ _ 1
Toror(qq — efe™) = 4% LL(n = +1,0" = +1); RR(n = —1,7" = —1)
A4
1
= 4% LR(p= 410 = —1); RL(p=—1,0'=+1) (44)
eq
_ _ 1 «
To1(qqg — ete™) = —epy A €y

49% LL(np = +1,7' = +1); RR(n = —1,7" = 1)

1 «
= _6nn‘A—geq§
4% LR(n = 41,1 = =1); RL(n = —1,7" = +1) (45)
2 « § — M2
T q Te™) = Z
ZCI(qq —e'e ) /\2 sin? By cos? ing ( )2 + M2T%
6++4CechLu ( = 1 77 = +1)
e__4C.rC,pt* RR(n=—1 17 =—1)

€4 4C.1Cypt; LR(

U] =—1)
e_44C.gC, 1% RL(n

—1 ' =+1)

X X X X
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Cross Section Asymmetry for g — ete~
Formula Calclated by J. Murata
Asymmetry Definition

L Ty =Th (T + T35 —(TH + T8
ayp = — = —_ — —
Tos+Ths  (Tog + T+ (T + T
T—+ T+~
af aB ~PV A
_— M T =
- Ta_;— + T:ﬁ_ aLL? ( Otﬁ ))
- ++
gy =
Ta@ + Taﬁ
— 0 (Té‘g =0),
P (Tos +T35) - (Ta—@+ +135)
T Ty 4TI+ (T + T
~ 1 (1 =0)
Standard Model Asymmetry
~PV
ag, (vy) = 0,
APV(ZZ) _ ( CLC )“24‘(0 q2R ) 2
arr - (C 2 2)ﬁ2+( 2 v2 )2’
&PV(VZ) ( eRCqR — CeLCqL)ﬁ2 + (CeLCqR — CqL)tA2
LE (CeRCqR + Cer.C L) 24 (CeLCqR + CeRC )7?2’

eeqq Contact Interaction Asymmetry

—(n+n")a? + (g — n')t?

APV
cICI) = =,
o ) (14 nn')i + (1 = 9n')2
iry (CI) = g, (CICT),
(CerCor(1 =n)(1 = n') = (Cer.Cor (1 +n)(1 + 7))@t +
~ PV (CerCyr(1 4+ n)(1 = 1') = (CerCyr(1 — n)(1 + 7))t*
ap, (ZCI) = N\72
(CerCor(l =n)(1 =n') + (CerCor(1 +n)(1 +7'))@"+
(CerCor(1 +n)(1 — 77) (CerCor(1 —n)(1 +1'))2?
SM Interference & Chirarity Selected Asymmetry
(77777/) = LL<+17 —I_l)aRR(_la _1)7LR(+L _1>7RL(+17 +1>
APV /
ar, (YVa=CI) = —1; LL(n =41,n"+1)
+1; RR(n =—-1,n"—1)
= +41; LR(n=+1,9" = 1)
= —1; RL(n=-1,n"+1)
i.e. Independent on 7 !
iy, (Ya=CI) = —1; L(n' = +1)
= +1; R(y' = 1)
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Cross Section to Spin Asymmetries
Double Spin Selected Cross Section

0.++ — 6.++ + ++0. q q—+&+—q+q—+a. +
+ tet + 5T + 6T+ 671
o~ = &‘H'q_(j_—l—& q+q++a-+ q q++0- +
+ 6ttgT g+ 6 vty etgtg +a+
0.+— — 6.++q+q— _I_a.——q—q‘}' _I_a.‘l'— +*+_|_0. +
+ TGt + 6Tt + 8T +67g
0.—+ — a.++q q+_|_a.——q+q—_|_a.+ q q _I_O. +
+ YT+ 46t e+ 67 +
Single Spin Selected Cross Section
20 = o™ +o* = " (¢tg+ T+ (a7 g
+ Y (Ta+ T+ (a7 q
20 =0""+0 " = g a+q )+ (¢
+ 6t (q7a+qrq) + 57 (g g
The partonic cross section can be expressed as;
6_)\1)\2 Z TAlAQ
For DY process (SM + CI),
6Tt =6""=0
In case of Event Generation, (¢¢ + 4q) — ¢1¢2), then
For DY type Event Generation,
ott = st gtq + 6 g gt
o= = 6t g gt + 6 tgtq
ot~ = st gttt + 6 tq g
ot = &+—q g + &—+q+q+
201 = 6t qtq+67q ¢
207° = 6TTqTq+ 67" q"yq

qq
e
tqm
qq*
qq
Tqt
tqt
99

(62)

(63)

(64)

(65)



Asymmetries for DY processes

- ot —ot-
AL = e
_ (¢ta* — ) (67 — 5+)
Qe atat +amq)oTr + (200 et + gt +qmgn)ot
Q4o 7T ott
CLL T ot L gt
_ (T a6~ )
Qe+ ¢t T + (200 + T+ gt )t
o 4ottt —g7t —ot-
A = — - -
cc"+ott + ot 4ot
_ A¢AT+ AGA¢q
. qq Jg 99
AL _ 0'_0 — U+
c=0 4 ot0

Aqqg—Aqq _py 2PV,
= —— —— ar1; (aLL = aL)
99 + qq

Weight Factor W in Event Generator for DY processes

I/V(AAEX) — (q+q+ B q_q_gg&

v —q ¢
qgtqt +q7q
("¢ —q¢")(67* - 5*7)

(¢t +qqt)(67F +ot7)

9°" —q7q" .pv

gtq +q gt "

(¢t +q ¢" —qtqt —q ¢ )(6F " +677F)
(¢tq~ +qqt +qtqt +qq7) (6t +67%)

AgAq

W(ALL) =

W(Arr) =




How to include into Event Ge

A, =

W =
wer™ =
PDF(AY]) =
PDF(ATY) =

PDF(Ar,) =

PDF(A;) =

nerator; for A, = Ay, App, ALY, ALY

(> w4+

> Wer, X

event=SM event=C1T event=SM4+CT
S PDF(2)epens 5™

event=SM
S"  PDF(2)cpem: a5

event=C1T

gtqt —qq”

qtqt +q7q-

gt —q q"

qtq™ +q7q*

AqAq
qq

Aq

q

Event generation for SM ; ISUB=1 & for CI ; ISUB=165 in Pythia

o ISUB=I; f.f; —» v*Z°
o ISUB=165; fif; — frfx
e MSTP(5)=0

Standard Model

o MSTP(5)=1

left-left isoscalar model

(via v*Z°)

only u & d quarks are composite

e MSTP(5)=2
left-left isoscalar model
all quarks are composite

o MSTP(5)=3

Helicity-non-conserving model (Eic84,Lan91)
only u & d quarks are composite

o MSTP(5)=4

Helicity-non-conserving model (Eic84,Lan91)

all quarks are composite

e PARU(155)=A

D=1000GeV (Eic84,Lan91), Need study on A.,.



e PARU(156)=n
D=+1 (Eic84,Lan91), Need study on the definition.

o€

o KFPR(165,1)=KF
D=11 (electron channel)



Direct photon production
Subprocess ¢q7 — gy & qg — ¢
Formula Source: P. Taxil; Nuo. Cim. Vol.16 Num.11 (93) (91-92)

8relaa, (1 1
T A1 =A2 — q s — _
(¢"q” — g7) F (t + u) (87)
{(1 — )\1)\2)(03 + Dg) + 2()\1 — Ag)Cqu} (88)
ot
Y = 1
Cy + 2e,A1 (89)
D, = C,—1 (90)
relaa, | .
T(¢"g* —qy) = %((uz +&)(C}+D3) (91)
—2MCy D A (4 — 3%)(M(C? + DY) — 2C,D,)) (92)
B B 7re2ozozs R R
T@"g" = @) = —=5 (@ +3)(C]+ D)) (93)

200Dy — Xy(02 — &) (=M (C] + D)) —2C,D,))  (94)

One jet production

Subprocess

99 — 94, 99" — 94's ¢ — 49, 99 — 99, 99 — 99, 99 — 99, 99 — ¢'¢
and considering gluons as elementary,

99 — 99, 99 — 49, 99 — 49
Formula Source: P. Taxil; Nuo. Cim. Vol.16 Num.11 (93) (91-92)

Interference Term (¢C1I, ZCI,WCI) for (¢q¢ — qq) P. Taxil and J.M.Virey; Phys.Lett.B364
(95) 181

Compositeness Scale for qqqqCI ; Ay, < A, 7



